Tumor cell responses to inhibition of thymidylate synthase.
Whether inhibition of thymidylate synthase is lethal to a population of tumor cells depends upon three factors: 1) the dependence of the cells upon de novo synthesis of thymidine nucleotides; 2) the length of time enzyme is inhibited and the requirement for thymidine nucleotides during this period; and 3) the biochemical responses of the cells to the initial inhibition of enzyme, many of which interfere with maintenance of thymidylate synthase in an inhibited state. Following inhibition of thymidylate synthase, deoxyuridylate accumulates, as does the cellular content of thymidylate synthase. In addition, the initially formed enzyme-inhibitor complexes dissociate. These biochemical sequelae alter the effectiveness of the blockade of thymidylate synthase in a time-dependent, continuously-changing manner. Whether cell kill occurs depends on whether the dynamic balance of these factors allows a sufficiently low enzymatic activity to be maintained for a long enough period of time. An analysis of this interaction of factors leads us to the conclusions that efficient tumor cell kill with fluoropyrimidines is best attained by combination with reduced folate cofactors and inhibitors of deoxypyrimidine biosynthesis. Each of these agents modifies the response of tumor cells with the result that the fluorodeoxyuridylate-induced inhibition of thymidylate synthase is maintained. This analysis also suggests that folate analogs inhibitory to thymidylate synthase are more compatible than pyrimidine analogs with inhibition of thymidylate synthase as an approach to cancer chemotherapy.